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Abstract² :KHQ HOHFWULF YHKLFOHV (9V HQFRXQWHU DQ
HPHUJHQF\ WKH YROWDJH RI WKH '&EXV FDSDFLWRU LQ WKH
VXUIDFHPRXQWHG SHUPDQHQW PDJQHW V\QFKURQRXV PRWRU
63060EDVHGSRZHUWUDLQUHTXLUHVWREHUHGXFHGDVIDVW
DV SRVVLEOH ,Q RUGHU WR HOLPLQDWH WKH GLVDGYDQWDJHV DQG
V\QWKHVL]H WKH DGYDQWDJHV RI WKH WUDGLWLRQDO PDFKLQH
ZLQGLQJEDVHG DQG H[WHUQDO EOHHGHUEDVHG GLVFKDUJH
WHFKQLTXHV WKLV SDSHU SURSRVHV D K\EULG GLVFKDUJH
VWUDWHJ\ ZKLFK FDQ DFKLHYH ILYHVHFRQG GLVFKDUJH LQ
PLQLPXPVDFULILFHRI WKHEOHHGHUVL]HDQGZHLJKW IRUDQ\
(9GULYHV)RUWKHSXUSRVHRIHYDOXDWLQJWKHVL]HUHGXFWLRQ
RIWKHQHZPHWKRGWKHLQGLYLGXDOEOHHGHUEDVHGVFKHPHLV
PRGHOOHG DQG DQDO\]HG DW ILUVW 7KHQ WKH FRPELQHG
GLVFKDUJH PHWKRG LV GHYHORSHG ZKLFK FRQWDLQV WZR
VHTXHQWLDOSURFHGXUHVEOHHGLQJUHVLVWRU %5GHVLJQDQG
GLVFKDUJH FRQWURO DOJRULWKP GHVLJQ 7KH %5 GHVLJQ
SURFHVV KDV WR EH LPSOHPHQWHG XQGHU WKH H[WUHPH
FRQGLWLRQ%XWFRQFHUQLQJWKDWWKHHPHUJHQF\PLJKWRFFXU
DW WKH PRPHQW ZKHQ WKH PDFKLQH RSHUDWHV EHORZ WKH
PD[LPXP VSHHG WKUHH GLIIHUHQW GLVFKDUJH PRGHV
LQFOXGLQJ IXOOSRZHU SDUWLDOSRZHU DQG EOHHGHUEDVHG
GLVFKDUJHPRGHVDUHGHYHORSHG7KHSURSRVHGGLVFKDUJH
WHFKQLTXHV DUH YHULILHG E\ H[SHULPHQWV ZKLFK DUH
FRQGXFWHGRQDWKUHHSKDVH63060GULYHV\VWHPXVHGIRU
(9V

Index Terms²3HUPDQHQWPDJQHWV\QFKURQRXVPDFKLQH
PDFKLQH ZLQGLQJV '&EXV FDSDFLWRU EOHHGLQJ UHVLVWRU
YROWDJHGLVFKDUJH


0DQXVFULSW UHFHLYHG$XJXVW UHYLVHG1RYHPEHU
DQG -DQXDU\   DFFHSWHG )HEUXDU\   7KLV ZRUN ZDV
VXSSRUWHGE\1HZWRQ$GYDQFHG)HOORZVKLSWKH8.1$)?5?
&RUUHVSRQGLQJDXWKRU<LKXD+X
&*RQJDQG<+XDUHZLWKWKH'HSDUWPHQWRI(OHFWURQLF(QJLQHHULQJ
8QLYHUVLW\ RI <RUN +HVOLQJWRQ <RUN <2 '' 8. (PDLO
#TTFRP\LKXDKX#\RUNDFXN
:/L-*DR-/LXDQG-<DQJDUHZLWKWKH6FKRRORI$XWRPDWLRQ
1RUWKZHVWHUQ3RO\WHFKQLFDO8QLYHUVLW\DQG6KDDQ[L.H\/DERUDWRU\RI
6PDOO	6SHFLDO(OHFWULFDO0DFKLQHDQG'ULYH7HFKQRORJ\;L¶DQ
&KLQD HPDLO #TTFRP #FRP
MLQJOLQO#QZSXHGXFQ#TTFRP
+ :HQ LV ZLWK WKH 'HSDUWPHQW RI (OHFWULFDO DQG (OHFWURQLF
(QJLQHHULQJ ;L¶DQ -LDRWRQJ/LYHUSRRO 8QLYHUVLW\ 6X]KRX 
&KLQD(PDLO+XLTLQJ:HQ#[MWOXHGXFQ

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8( WR WKH LQWULQVLF DGYDQWDJHV RI KLJK HIILFLHQF\ KLJK
SRZHU GHQVLW\ FRPSDFW VWUXFWXUH DQG EURDG VSHHG
UHJXODWLRQ UDQJH SHUPDQHQW PDJQHW V\QFKURQRXV PDFKLQHV
3060KDYH EHHQ ZLGHO\ DGRSWHG LQ HOHFWULF YHKLFOHV (9
>@>@ 7KH WRSRORJ\ RI D W\SLFDO 3060EDVHG (9
SURSXOVLRQV\VWHP LV VKRZQ LQ)LJZKLFKFDQEHVHSDUDWHG
LQWRWKHHOHFWULFDODQGPHFKDQLFDOSDUWV,QWKHHOHFWULFDOV\VWHP
WKH EDWWHU\ SDFNV DUH XVHG WR VWRUH DQG VXSSO\ SRZHU 7KH
'&'&ERRVWFRQYHUWHUFDQOLIWWKHYROWDJHOHYHOWUDQVIHUULQJ
WKHORZYROWDJHLQWRWKHKLJKRQH7KHYROWDJHVRXUFHLQYHUWHU
96, FRQYHUWV WKH GLUHFW FXUUHQW '& SRZHU LQWR WKH
DOWHUQDWLQJFXUUHQW$&SRZHUGULYLQJWKHPDFKLQHWRRSHUDWH
0RUHRYHU D EUHDNHU FRQQHFWLQJ WKH EDWWHU\ SDFNV DQG WKH
FRQYHUWHU LV DGRSWHG IRU SURWHFWLRQ DQG D EXV FDSDFLWRU LQ
SDUDOOHO ZLWK WKH LQYHUWHU QHHGV WR EH LQVWDOOHG IRU
KLJKIUHTXHQF\ SRZHU VXUJH DEVRUSWLRQ ,Q WHUPV RI WKH
PHFKDQLFDOSDUWDJHDUER[WKDWLVOLQNHGZLWKWKH3060H[HUWV
WKH IXQFWLRQRIFOXWFKGLIIHUHQWLDODQG VSHHGJRYHUQRU$V WR
WKHSURSXOVLRQV\VWHPRQFHDQHPHUJHQF\FDUFUDVKRFFXUV
WKHSURWHFWLRQPRGHZLOOEHWULJJHUHGLPPHGLDWHO\0HDQZKLOH
WKHEUHDNHUZLOOEH WULSSHG LPPHGLDWHO\ WR LVRODWH WKHEDWWHU\
IURPWKHRWKHUFRPSRQHQWVDQGWKHD[OHLVGLVFRQQHFWHGIURP
WKHWUDFWLRQPRWRUE\WKHJHDUER[DQGWKH3060MXVWURWDWHV
ZLWK QR ORDG >@ >@  +RZHYHU LQ WKLV FDVH WKH UHVLGXDO
HQHUJ\VWRUHGLQWKHSRZHUHOHFWURQLFVZLOOPDLQWDLQWKH'&EXV
FDSDFLWRUYROWDJHDWWKHKLJKSRVLWLRQSRVLQJSRWHQWLDOULVNVWR
&KDR*RQJ Student Member, IEEE<LKXD+X Senior Member, IEEE:HQ]KHQ/L-LQTLX*DR
-LQJOLQ/LXMember, IEEE+XLTLQJ:HQSenior Member, IEEE-LDQNDQJ<DQJ
+\EULG'&%XV&DSDFLWRU'LVFKDUJH
6WUDWHJ\8VLQJ,QWHUQDO:LQGLQJVDQG
([WHUQDO%OHHGHUIRU6XUIDFHPRXQWHG
3060EDVHG(93RZHUWUDLQVLQ(PHUJHQF\
'
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
ERWK WKH SDVVHQJHUV DQG WKH UHVFXHUV >@ ,Q RUGHU WR DYRLG
HOHFWULFDOVKRFNULVNVWKH(9UHTXLUHVWKHFDSDFLWRUYROWDJHWR
GURSWRWKHVDIHOHYHO9IDVWVLVWKHEHVWDQGVLVWKH
ZRUVWDFFRUGLQJWRWKH8QLWHG1DWLRQ9HKLFOH5HJXODWLRQ(&(
5>@
7UDGLWLRQDOO\ UHIHUULQJ WR WKH DSSOLFDWLRQV RI UHJHQHUDWLYH
EUDNLQJLQ>@>@DG\QDPLFEUDNLQJFLUFXLWFRPSRVHGRID
VZLWFK DQG D EOHHGLQJ UHVLVWRU %5 LV SDUDOOHOHG WR WKH EXV
FDSDFLWRU WR GLVVLSDWH WKH UHVLGXDO HQHUJ\ DQG GLVFKDUJH WKH
FDSDFLWRU YROWDJH ³H[WHUQDOFLUFXLW GLVFKDUJH´ :KHUHDV E\
FRQWUDVW ZLWK WKH UHJHQHUDWLYH EUDNLQJ FDVHV WKH SRZHU DQG
FXUUHQWOHYHOVRIWKHEUDNLQJUHVLVWRUVKRXOGEHKLJKZKLOHWKH
UHVLVWDQFHLVVXSSRVHGWREHVPDOOWRVDWLVI\WKHUHTXLUHPHQWRI
TXLFNHVW GLVFKDUJH $V D UHVXOW WKH VL]H DQG ZHLJKW RI WKH
EOHHGLQJFLUFXLWDUHKXJHVDFULILFLQJWKHFRPSDFWQHVVDQGFRVW
RIWKHGULYHV\VWHPJUHDWO\3UDFWLFDOO\WKHSRZHUGRZQJUDGHG
UHVLVWRUV DUHXVXDOO\ DGRSWHGZKLFKFDQQRW UHDFK WKHKLJKHVW
GLVVLSDWLRQYHORFLW\
,QDGGLWLRQWRWKHH[WHUQDOEOHHGHUEDVHGGLVFKDUJHVWUDWHJ\
VHYHUDOXSWRGDWHVWXGLHVKDYHSUHVHQWHGEUDQGQHZPDFKLQH
ZLQGLQJEDVHG GLVFKDUJH DSSURDFKHV ZKLFK RQO\ WDNH
DGYDQWDJHRIWKHPDFKLQHZLQGLQJUHVLVWDQFHWRGLVVLSDWHWKRVH
UHVLGXDO HQHUJ\ LQ WKH IRUPRI KHDWLQJ >@ >@7KLV
NLQGRIEOHHGLQJPHWKRGFDQEHFDWHJRUL]HGDV³QRQH[WHUQDO
FLUFXLW GLVFKDUJH´ ZKLFK LV DOVR D KRW WRSLF LQ WKH FRQYHUWHU
DSSOLFDWLRQV >@ >@ $V IRU WKH ZLQGLQJEDVHG GLVFKDUJH
PHWKRGIRU(9SRZHUWUDLQVWKHRFFDVLRQDOHPHUJHQF\ZLOOQRW
LPPHGLDWHO\ WULJJHU D SURWHFWLRQ PRGH DQG WXUQ RII WKH
WUDQVLVWRUVLQWKHSRZHULQYHUWHU,QVWHDGWKHVSHFLDOO\GHVLJQHG
dqD[LVFXUUHQWVDUHLQMHFWHGLQWRWKHPDFKLQHWRPRWLYDWHLWWR
RSHUDWH QRUPDOO\ ,Q >@ DQG >@ WKH qD[LV FXUUHQW LV
FRQWUROOHGWRVWDELOL]HDW]HURZKLOHWKHdD[LVUHIHUHQFHFXUUHQW
LVVHWDVDODUJHFRQVWDQW%XW>@>@DQG>@LOOXVWUDWHWKDW
WKLVNLQGRIVWUDWHJ\ZLOOORVHHIILFDF\ZKHQWKHLQLWLDOPDFKLQH
VSHHGLVKLJKHUWKDQWKHWKUHVKROGYDOXHȦthDWZKLFKWKHOLQHWR
OLQHEDFNHOHFWURPRWLYHIRUFH(0)LV9RWKHUZLVHWKHEXV
FDSDFLWRU ZLOO JHW UHFKDUJHG YROWDJH ULVHV HYHQ ZKHQ LWV
YROWDJH DSSURDFKHV ]HUR ,Q RUGHU WR VROYH WKLV SUREOHP WKH
LPSURYHGGLVFKDUJHPHWKRGVEDVHGRQERWKYROWDJHDQGFXUUHQW
UHJXODWLRQ LV SURSRVHG LQ WKHVH UHVHDUFKHV ,Q DGGLWLRQ
OLWHUDWXUH >@ SRLQWV RXW WKDW WKH SHUIRUPDQFH RI WKH
ZLQGLQJEDVHG GLVFKDUJH DOJRULWKPV LV KLJKO\ UHODWHG WR WKH
V\VWHPSDUDPHWHUVHJURWRULQHUWLDDQGV\VWHPVDIHFXUUHQW
DQGDOWKRXJK WKHRSWLPL]HGDOJRULWKPV LQ >@ DQG >@KDYH
EHHQ VXFFHVVIXOO\ DSSOLHG WR VRPH FHUWDLQ GULYHV ZKRVH
SDUDPHWHUV DUH VXLWDEOH IRU GLVFKDUJH LW LV QRW XQLYHUVDOO\
VXLWDEOH IRU WKH RWKHU V\VWHPV ZLWK KDUVK FRQGLWLRQV 2Q WKLV
JURXQG D SDUWLFXODU EXV FDSDFLWRU GLVFKDUJH WHFKQLTXH LV
GHYHORSHG IRU WKH 3060 GULYHV ZLWK ODUJH LQHUWLD DQG VPDOO
V\VWHP VDIH FXUUHQW +RZHYHU WKHUH VWLOO H[LVW WZR FUXFLDO
SUREOHPV IRU WKLV VWUDWHJ\)LUVWO\ WKH LPSDFWRI WKHZLQGLQJ
UHVLVWDQFHRQWKHGLVFKDUJHFKDUDFWHULVWLFVLVQRWFRQVLGHUHG,Q
SUDFWLFHWKHYHKLFOHSURSXOVLRQPRWRULVXVXDOO\GHVLJQHGZLWK
VPDOOUHVLVWDQFHIRUWKHVDNHRIORVVUHGXFWLRQ>@>@2QFH
WKHUHVLVWDQFHLVVPDOOHUWKHGLVFKDUJHPHWKRGZLOOQRORQJHUEH
HIIHFWLYH WRPHHW WKH IDVWGLVFKDUJHUHTXLUHPHQW UHSUHVHQWLQJ
WKDW WKH GLVFKDUJH FDSDFLW\ LV OLPLWHG 6HFRQGO\ WKH YROWDJH
GLVFKDUJHYHORFLW\9'9GRHVQRWUHDFKWKHPD[LPXPYDOXH
EHFDXVH WKH VHJPHQWHG qD[LV FXUUHQW WKDW JHQHUDWHV WKH
HOHFWURPDJQHWLF EUDNLQJ WRUTXH VKRXOG EH VPDOO LQ FDVH RI
YROWDJHVXUJHV1RZWKHVHGHIHFWVKDYHKLQGHUHGWKHH[WHQVLYH
XVHRIWKLVGLVFKDUJHDSSURDFK
7KLV SDSHU SURSRVHV D K\EULG '&EXV FDSDFLWRU GLVFKDUJH
VWUDWHJ\ UHO\LQJ RQ ERWK WKH PDFKLQH ZLQGLQJV DQG H[WHUQDO
EOHHGHU FLUFXLWV WR DFKLHYH WKH ILYHVHFRQG GLVFKDUJH LQ
PLQLPXPVDFULILFHRIWKHEOHHGHUVL]HDQGZHLJKWIRUDQ\(9
GULYHV &RPSDUHG WR WKH PHWKRGV LQ WKH SDSHUV >@ DQG
>@ WKH QRYHO DSSURDFK V\QWKHVL]HV WKH DGYDQWDJHV DQG
RYHUFRPHWKHGLVDGYDQWDJHVRIWKRVHWZRWUDGLWLRQDOVWUDWHJLHV
6SHFLILFDOO\WKHEOHHGHUEDVHGVWUDWHJ\LVOHVVGHSHQGHQWRIWKH
V\VWHP SDUDPHWHUV DQG HQGRZHG ZLWK HQRUPRXV GLVVLSDWLRQ
FDSDFLW\VRWKDWLWFDQEHHPSOR\HGLQDQ\(9GULYHVWHFKQLFDOO\
ZKLOHLWLVXQZDQWHGFRQVLGHULQJWKHIDFWRUVRIVL]HZHLJKWDQG
FRVW $OWKRXJK WKH ZLQGLQJEDVHG VFKHPH LV PXFK PRUH
FRPSDFW WKH V\VWHPSDUDPHWHUV KDYH D VWURQJ LPSDFW RQ WKH
GLVFKDUJHSHUIRUPDQFH&RQVLGHULQJWKHVHDVSHFWVIRUDIL[HG
3060 GULYH WKH PDFKLQH ZLQGLQJV FDQ EH DGRSWHG DV WKH
DX[LOLDU\SODQWIRUWKHH[WHUQDOEOHHGHUFLUFXLWVVRDVWRUHGXFH
LWV VL]H DFKLHYLQJ D UHODWLYHO\ OLJKWZHLJKW DQG FRVWHIIHFWLYH
GLVFKDUJHWHFKQLTXHVXLWHGWRDQ\(9GULYHV,QWKLVSDSHUWKH
GHIHFWV RI WKH H[WHUQDO EOHHGHUEDVHG VWUDWHJ\ DUH ILUVWO\
GLVFXVVHG ILJXULQJRXW WKHQHFHVVLW\RI WKHDVVLVWDQWEOHHGLQJ
PHWKRG7KHQV\VWHPDWLFGHVLJQSURFHGXUHVDUHGHYHORSHGWR
DFKLHYHWKHFRPSRVLWHGLVFKDUJHDSSURDFKZKLFKLQFOXGHWZR
PDLQ VHTXHQWLDO SDUWV H[WHUQDO %5 FDOFXODWLRQ DQG GLVFKDUJH
DOJRULWKPGHVLJQ ,W VKRXOG EH PHQWLRQHG WKDW WKH VHJPHQWHG
qD[LVFXUUHQWLQMHFWLRQDSSURDFKLQ>@LVQRWQHHGHGDQ\PRUH
DQG E\ XVLQJ D FRQVWDQW EUDNLQJ FXUUHQW WKH 9'9 FDQ EH
PD[LPL]HG
7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ ,,
LQLWLDOO\DQDO\]HVWKHPHFKDQLVPDQGVDFULILFHRIWKHWUDGLWLRQDO
LQGLYLGXDOH[WHUQDOEOHHGHUEDVHGGLVFKDUJHPHWKRG6HFWLRQ,,,
GHVFULEHVWKHSURSRVHGHQHUJ\GLVVLSDWLRQVWUDWHJ\DQGDVVHVVHV
WKH LPSURYHPHQW FRPSDUHG ZLWK WKH WUDGLWLRQDO PHWKRG ,Q
6HFWLRQ ,9 WKH GLVFKDUJH SHUIRUPDQFH FKDUDFWHULVWLFV RI WKH
FRPELQHGPHWKRGVDUHFRPSDUHGDFFRUGLQJWRWKHH[SHULPHQWDO
UHVXOWV6HFWLRQ9LVWKHFRQFOXVLRQSDUW
,, 0(&+$1,60$1'6$&5,),&(2)%/(('(5%$6('
',6&+$5*(0(7+2'
7KLVSDUWZLOO DQDO\]H WKHPHFKDQLVPRI WKHEOHHGHUEDVHG
GLVFKDUJHPHWKRG7KHQWKHFXUUHQWOHYHOUHVLVWDQFHVL]HDQG
ZHLJKWRI WKH%5LV WKHRUHWLFDOO\GLVFXVVHG LOOXVWUDWLQJWKDWD
FRPELQHGGLVFKDUJHVWUDWHJ\LVKLJKO\GHVLUHG&RQVLGHULQJWKDW
WKH GLVFKDUJH UHTXHVW ZRXOG RFFXU QRW RQO\ LQ WKH YHKLFOH
GULYLQJ FRQGLWLRQV EXW DOVR LQ WKH SDUNLQJ VLWXDWLRQV
FRPSUHKHQVLYH DQDO\VLV ZLOO EH FDUULHG RXW FRQFHUQLQJ ERWK
DVSHFWV'XULQJGLVFKDUJHRQO\ WKHPRWRU LQYHUWHU FDSDFLWRU
DQGEOHHGHUFLUFXLWVLQWKH(9SRZHUWUDLQDUHOLNHO\WRRSHUDWH
)RUWKHVDNHRIVLPSOLFLW\WKHHTXLYDOHQWGLVFKDUJHFLUFXLWVDUH
H[WUDFWHGDVVKRZQLQ)LJZKHUHUaUbDQGUcDUHWKHSKDVH
EDFN(0)LsDQGRsDUHWKHPRWRULQGXFWDQFHDQGUHVLVWDQFH
UHVSHFWLYHO\sDQGRbUHSUHVHQWWKHFRQWUROVZLWFKDQG%5
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A. Mechanism and BR for Standstill Cases 
:KHQ DQ LQLWLDWLYH GLVFKDUJH LV UHTXHVWHG DW WKH PDFKLQH
VSHHGRI]HURQRUHVLGXDOHQHUJ\LVVWRUHGLQWKHPRWRUDQGRQO\
WKH '&EXV FDSDFLWRU YROWDJH UHTXLUHV WR EH GLPLQLVKHG
7KHUHIRUH WKH 3060 DQG LQYHUWHU DUH LQDFWLYH ZKLOH WKH
FDSDFLWRUDQGWKHEOHHGHUFLUFXLWVDUHDFWLYDWHG,QWKLVFDVHWKH
FDSDFLWRU DQG WKH EOHHGHU FRQVWLWXWH D VLPSOH
UHVLVWDQFHFDSDFLWDQFH 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B. Mechanism and BR for Running Cases 
,IDQHPHUJHQF\KDSSHQVZKHQWKHYHKLFOHUXQVRQWKHURDG
WKH NLQHWLF HQHUJ\ RI WKH 3060 URWRU DV ZHOO DV WKH HQHUJ\
VWRUHGLQWKHEXVFDSDFLWRUVKRXOGEHH[SHQGHGE\WKH%5,Q
WKH SURFHVV RI HQHUJ\ FRQVXPSWLRQ WKH PDFKLQH ZRUNV DV D
JHQHUDWRULQGXFLQJDFRQWLQXRXVO\GHFUHDVLQJEDFN(0)WKDWLV
UHODWHGWKHPDFKLQHVSHHG$VIRUWKHLQYHUWHUWKHHPHUJHQF\
WULJJHUVWKHLQKHUHQWSURWHFWLRQPRGHZLWK³VKXWGRZQ´FRQWURO
VLJQDOV DSSOLHG WR DOO RI WKH WUDQVLVWRUV :KHUHDV WKH VL[
IUHHZKHHOLQJ GLRGHV FDQQRW EH VHDOHG RII FRQVWLWXWLQJ DQ
XQFRQWUROOHGUHFWLILHU857KHEDFN(0)RIWKHPDFKLQHZLOO
EHUHFWLILHGE\WKH85FKDUJLQJWKHFDSDFLWRUDQGJHQHUDWLQJ
WKHEOHHGLQJFXUUHQWibWKDWSDVVHVWKURXJKWKH%5
,QRUGHUWRUHGXFHWKHDQDO\WLFDOFRPSOH[LW\DQDSSURSULDWH
DVVXPSWLRQWKDWWKHHIIHFWVRIWKHPDFKLQHLQGXFWDQFHDQGWKH
FDSDFLWRUFDSDFLWDQFHFDQEHLJQRUHGVLQFHWKH\DUHVPDOO>@
2QWKLVJURXQGWKHPDJQLWXGHRIWKHEUDNLQJqD[LVFXUUHQWiqLQ
WKHPDFKLQHHTXDOVWKHEOHHGLQJFXUUHQWibDFWLYHFXUUHQWDQG
WKHdD[LVFXUUHQWLVQDPHO\
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,Q FRPSDULVRQ ZLWK WKH ]HURVSHHG FDVHV WKH H[SHQGHG
HQHUJ\ LQFOXGHV QRW RQO\ WKH HOHFWULFDO SDUW VWRUHG LQ WKH
FDSDFLWRUEXWDOVRWKHNLQHWLFHQHUJ\LQWKHPDFKLQHURWRU
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C. Evaluation of Size and Weight Sacrifice 
,Q RUGHU WR LPSOHPHQW DQ LQWXLWLYH GLVFXVVLRQ RQ WKH
SURSHUWLHV RI WKH %5 D 3060 GULYH V\VWHP IRU (9 ZLWK
SDUDPHWHUV LQ 7DEOH , LV VWXGLHG &XUUHQWO\ RQH RI WKH PRVW
FRPPRQPDWHULDOVXVHGIRUPDNLQJSUHFLVHEUDNLQJUHVLVWRULV
WKHDOOR\RIFRSSHU&XDQGQLFNHO1L>@7DNLQJ&X1L
,627$1#ZKRVHUHVLVWLYLW\LVȡr āȍāPDQGGHQVLW\LV
ȡm NJPDVDQH[DPSOHWKHPLQLPXPZLUHGLDPHWHULV
VHOHFWHGEDVHGRQWKHUHODWLRQVKLSEHWZHHQWKHZLUHGLDPHWHUd 
DQGWKHFXUUHQWFDUU\LQJFDSDFLW\icaDVLQ)LJ
  cai d d= + − 
7DEOH,,VKRZVWKHSURSHUWLHVRIWKH%5MXVWWKHFRQGXFWRU
SDUWZKHQWKHUHTXLUHGGLVFKDUJHWLPHLVV)LUVWO\LWFDQEH
VHHQWKDWWKHSDUDPHWHUVGHVLJQHGIRUWKHUXQQLQJPRGHLQLWLDO
VSHHGVKRXOGEHVHWDVWKHPD[LPXPYDOXHDUHVXLWDEOHIRUWKH
VWDQGVWLOO VLWXDWLRQV 7KHQ WR VDWLVI\ WKH IDVWHVW GLVFKDUJH
UHTXLUHPHQW DOWKRXJK WKH UHTXLUHG UHVLVWDQFH LVRQO\ȍ
WKHGLDPHWHUdbRIWKHFRQGXFWRULVPPDQGWKHOHQJWKlbLV
 P ZHLJKLQJ DURXQG  NJ +RZHYHU VXFK DQ
HQRUPRXV UHVLVWRU LV XQZHOFRPH EHFDXVH LW LQFUHDVHV WKH
YHKLFOH ZHLJKW JUHDWO\ VR LQ SUDFWLFH WKH ORZHU SRZHUOHYHO
UHVLVWRUVDUHXVXDOO\XVHGEXWWKHGLVFKDUJHWLPHZLOOH[FHHG
V
2YHUDOO WKH (9V DUH SODFLQJ D KLJK GHPDQG RQ WKH QRYHO
GLVFKDUJHVWUDWHJLHVFKDUDFWHUL]HGE\UDSLGGLVFKDUJHEXWVPDOO
VL]HDQGZHLJKW
,,, 352326('+<%5,'',6&+$5*(7(&+1,48(
)LJ LOOXVWUDWHV WKH EORFN GLDJUDP RI WKH SURSRVHG K\EULG
GLVFKDUJH VWUDWHJ\ &RPSDUHG WR )LJ WKH QRYHO EOHHGLQJ
V\VWHPLVFRPSRVHGRIQRWRQO\WKHPRWRUGLRGHVDQGH[WHUQDO
EOHHGHUFLUFXLWVEXWDOVRWKHWUDQVLVWRUVLQWKHLQYHUWHU%HVLGHV
WKH YHFWRU FRQWURO DOJRULWKPV EDVHG RQ VSHFLDOO\GHVLJQHG d
qD[LV FXUUHQW LQMHFWLRQ DUH QHHGHG WR JHQHUDWH WKH FRQWURO
VLJQDOV 0RUHRYHU D SURJUDPPDWLF YLUWXDO VZLWFK LV XVHG WR
VHOHFW WKH ZRUNLQJ PRGH RI WKH V\VWHP :LWKRXW HPHUJHQF\
SRUWs LVFRQQHFWHGDQGWKH3060GULYHLVFRQWUROOHGE\WKH
GRXEOH FORVHGORRS UHJXODWLRQ VWUDWHJ\ >@ >@ 'XULQJ WKH
QRUPDORSHUDWLRQVWKHUHIHUHQFHVSHHGȦrefRIWKHPRWRUPLJKW
EH VHW WR GLIIHUHQW OHYHOV IRU WKH VDNH RI VSHHG UHJXODWLRQ
UDQJLQJIURP]HURWR WKHPD[LPXPDWWDLQDEOHYDOXH2QFHDQ
HPHUJHQF\ RFFXUV SRUW s LV FRQQHFWHG DQG WKH K\EULG
GLVFKDUJHDOJRULWKP LV H[HFXWHG7KLVSDUWZLOO JLYH DGHVLJQ
PHWKRG IRU WKH %5 DQG RQ WKLV JURXQG WKH EOHHGHU VL]H DQG
ZHLJKW UHGXFWLRQV DUH DQDO\]HG 7KHQ GLIIHUHQW GLVFKDUJH
UHJXODWLRQPRGHVDQGDOJRULWKPVDUHGHYHORSHGFRQVLGHULQJWKH
LQLWLDOFRQGLWLRQZKHQDQDFWLYHGLVFKDUJHLVUHTXHVWHG
A. Design of BR for Proposed Discharge Method 
:KHQ GHVLJQLQJ WKH K\EULG GLVFKDUJH V\VWHP WKH H[WUHPH
FRQGLWLRQDWZKLFK WKH LQLWLDO VSHHGȦmHTXDOV WKHPD[LPXP
YDOXHQHHGV WR EH FRQVLGHUHG )RU WKH VDNH RI VLPSOLFLW\ WKH
YHKLFOH SRZHUWUDLQV WKDW GR QRW XVH IOX[ZHDNHQLQJ FRQWURO
VWUDWHJLHVIRUVSHHGUHJXODWLRQDUHLQYHVWLJDWHGLQWKLVSDSHUVR
WKHPD[LPXPPDFKLQHVSHHGFDQEHDVVXPHGWRHTXDOWKHUDWHG
YDOXHȦrated ,Q WKLV FDVH WKH WRWDO HQHUJ\ WR EH GLVVLSDWHG LV
GHQRWHGDVQb_desZKLFKFDQEHFDOFXODWHGE\
a5HVLVWDQFHRI%5
%\ FRQWUDVW ZLWK WKH LQGLYLGXDO EOHHGHUEDVHG GLVFKDUJH
PHWKRGRIZKLFKEUDNLQJWRUTXHLVSURGXFHGGHSHQGLQJRQWKH
TXRWLHQW RI WKH EXV YROWDJH DQG %5 DV LV VKRZQ LQ  7KH
GHFHOHUDWLRQSURFHVVRIWKHQHZDSSURDFKUHOLHVRQWKHLQMHFWHG
dqD[LVFXUUHQWVWUDQVIRUPHGIURPWKHSKDVHFXUUHQWViaDQGic
)XUWKHU DQRWKHU FUXFLDO IHDWXUH RI WKH SURSRVHG K\EULG
GLVFKDUJHWHFKQLTXHLVWKDWWKDQNVWRWKH%5LWLVQRWQHFHVVDU\
WR DGRSW WKH SLHFHZLVH qD[LV UHIHUHQFH FXUUHQW WR DYRLG WKH
YROWDJHVXUJHSKHQRPHQRQDVORQJDVWKHUHVLVWDQFHLVUHODWLYHO\
VPDOO7KHUHDVRQLVDVIROORZVWKHYROWDJHVXUJHDULVHVEHFDXVH
ZLWKLQDVKRUWSHULRGWKHURWRUNLQHWLFHQHUJ\WKDWLVFRQYHUWHG
LQWR WKH HOHFWULF HQHUJ\ .(7(( LV ODUJHU WKDQ WKH WRWDO
EOHHGLQJ FDSDFLW\ VXP RI LQWHUQDO DQG H[WHUQDO GLVVLSDWLRQ
+RZHYHU IRU WKH K\EULG PHWKRG RQFH WKH EXV YROWDJH ULVHV
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JUHDWO\WKHLQVWDQWDQHRXVEOHHGLQJSRZHURIWKH%5ZLOOVKRRW
XS DQG WKH VKRUWSHULRG EOHHGLQJ HQHUJ\ ZRXOG VXUSDVV WKH
.(7(( SUHYHQWLQJ WKH FDSDFLWRU YROWDJH IURP FRQWLQXRXV
JURZWK %DVHG RQ WKHVH D FRQVWDQW ODUJH qD[LV UHIHUHQFH
FXUUHQWWKDWFDQHQVXUHWKHILYHVHFRQGGLVFKDUJHUHTXLUHPHQWLV
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([SHULPHQWVDUHFRQGXFWHGRQDWKUHHSKDVH63060ZKRVH
SDUDPHWHUVDUHFRQVLVWHQWZLWK7DEOH,7KHH[SHULPHQWDOFLUFXLW
GLDJUDP DQG HTXLSPHQW DUH VKRZQ LQ )LJ D DQG E
UHVSHFWLYHO\ 7KH ZLQGLQJ UHVLVWDQFH FDQ EH UHJXODWHG E\
GLUHFWO\FRQQHFWLQJVWHHOZLUHZLWKKLJKUHVLVWLYLW\IRUUHVHDUFK
$'&SRZHUVXSSO\LVDYDLODEOHDW9$QLQWHOOLJHQWSRZHU
PRGXOH ,30 0LWVXELVKL 305/$ LV XVHG DV WKH
YROWDJH VRXUFH LQYHUWHU ZLWK WKH IUHTXHQF\ RI  N+] )RXU
WKLQILOPFDSDFLWRUV'+)'$:1&$3ȝ)DUHFRQQHFWHG
LQSDUDOOHOWRFRPSRVHWKHȝ)'&EXVFDSDFLWRU,QRUGHUWR
YHULI\WKHHIIHFWLYHQHVVRIWKHGHVLJQHG%5UHVLVWDQFHDVOLGH
UKHRFKRUG RI ZKLFK UHVLVWDQFH FDQ EH DGMXVWHG WR  ȍ
FXUUHQWOHYHO$IXQFWLRQDVWKH%57KHSURSRVHGGLVFKDUJH
PRGHV DQG FRQWURO DOJRULWKPV DUH LPSOHPHQWHG RQ D '63
706) FRQWUROOHU ERDUG +DOO FXUUHQW VHQVRUV
+1&/7 WKDW DUH FRQQHFWHG WR :7 DUH XVHG WR
PHDVXUH WKH PDFKLQH SKDVH FXUUHQWV GXULQJ WHVW ZKLOH WKH
PRWRUd qD[LVDQG%5FXUUHQWVDUHFDOFXODWHGDQGUHFRUGHGE\
WKH GLJLWDO FRQWUROOHU 7KH '&EXV YROWDJH LV PHDVXUHG E\ D
YROWDJHWUDQVGXFHU/93
)LUVWO\DVVXPHDQDFWLYHGLVFKDUJHUHTXHVWRFFXUVZKHQWKH
PRWRUVSHHGLVȦrated$WWKLVPRPHQWWKHV\VWHPRSHUDWHVDWWKH
IXOOSRZHU GLVFKDUJH PRGH DQG WKH UHIHUHQFH d DQG qD[LV
UHIHUHQFH FXUUHQWV FDQEH FDOFXODWHG DV $DQG $
UHVSHFWLYHO\ 2YHUDOO )LJ D LOOXVWUDWHV WKDW WKH FDSDFLWRU
YROWDJH GURSV WR WKH VDIH OHYHO ZLWKLQ DURXQG  V EHLQJ
VOLJKWO\VKRUWHUWKDQV7KLVKDSSHQVEHFDXVHWKHPHFKDQLFDO
IULFWLRQ LV LJQRUHG ZKHQ HVWDEOLVKLQJ WKH GLVFKDUJH PRGHO ,W
FDQEHFRQFOXGHGWKDWWKHSURSRVHG%5GHVLJQDQGIXOOSRZHU
GLVFKDUJH PHWKRGV DUH YHU\ HIIHFWLYH ,Q WHUPV RI WKH VSHHG
FKDUDFWHULVWLFV LQWHUHVWLQJO\ WKHPDFKLQHVSHHGLVVWLOOKLJKHU
WKDQȦth ZKHQ WKH '& EXV YROWDJH DUULYHV DW  9 ZKLFK LV
FDXVHGE\WKHIOX[ZHDNHQLQJLPSDFW7KLVDOVRFRQWULEXWHVWR
VKRUWHQLQJ WKH GLVFKDUJH WLPH ,Q DFFRUGDQFH ZLWK WKH
WKHRUHWLFDODQDO\VLVWKHEXVYROWDJHH[SHULHQFHVVKDUSGHFUHDVH
9%3DIWHUWKHGLVFKDUJHDOJRULWKPVDUHLPSOHPHQWHG,Q)LJ
E ERWK WKH d DQG qD[LV FXUUHQWV JHW WR WKH H[SHFWHG OHYHO
TXLFNO\ DIWHU GLVFKDUJH EHJLQV DQG WKHQ WKH\ OHYHO RII XQWLO
DERXWVZKHQWKHEXVYROWDJHLVQRWDEOHWRPDLQWDLQVXFK
KLJK FXUUHQW OHYHO'XH WR WKH FURVVFRXSOLQJ HIIHFW >@ WKH
PDJQLWXGH RI WKH qD[LV FXUUHQW H[SHULHQFHV D VKRUWSHULRG
LQFUHDVH EHIRUH LW GHFOLQHV WR ]HUR ZKLOH WKH dD[LV FXUUHQW
FRQWLQXRXVO\ GHFUHDVHV EHFDXVH RI LWV ODUJH YDOXH )LJ F
VKRZV WKDW WKHEOHHGLQJ FXUUHQWSDVVLQJ WKURXJK WKH%5 %5
FXUUHQW MXPSV WR DERXW  $ DW ILUVW 7KLV SKHQRPHQRQ LV
FDXVHG E\ WKH LQLWLDO YROWDJH RI WKH FDSDFLWRU 7KHQ WKH
GLVFKDUJH %5 FXUUHQW ZLOO EH GRPLQDWHG E\ WKH EDFN (0)
ZLWQHVVLQJD OLQHDUO\GRZQZDUGWUHQG0RUHRYHU WKHEUDNLQJ
WRUTXHLVFRQVLVWHQWZLWKWKHqD[LVFXUUHQWLQGLFDWLQJWKDWWKH
WRUTXHFDOFXODWLRQPHWKRGLVUHDVRQDEOH)LQDOO\DWWKHH[WUHPH
VWDWHDWRWDORI-DQG-IRUH[WHUQDO%5DQG
LQWHUQDO ZLQGLQJV UHVSHFWLYHO\ DUH GLVVLSDWHG E\ WKH ZKROH
V\VWHP
)LJDQG)LJGHSLFWWKHH[SHULPHQWDOUHVXOWVZKHQWKH
HPHUJHQF\ RFFXUV DW WKH VSHHG RI  UDGV DQG  UDGV
UHVSHFWLYHO\ ,Q WKHVH FDVHV WKH SDUWLDOGLVFKDUJH PRGH LV
HPSOR\HG,Q)LJWKH dqD[LVGLVFKDUJHFXUUHQWVUHTXLUHWR
EHVHWDVDQG$UHVSHFWLYHO\7KHFDSDFLWRUYROWDJH
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)LJ ([SHULPHQWDO UHVXOWV RI WKH SURSRVHGGLVFKDUJH PRGH ZKHQ
HPHUJHQF\RFFXUVDWWKHVSHHGRI]HUR
JHWVGRZQWRWKHVDIHOHYHODWDERXWVGLVFKDUJHSHULRGLV
V6LPLODUWRWKHH[WUHPHVWDWHZKHQWKHEXVYROWDJHLV9
WKH URWDWLQJ VSHHG LV DERXW  UDGVZKLFK LV KLJKHU WKDQ WKH
WKUHVKROG$VIRUWKHGLVFKDUJHFXUUHQWVERWKWKH dDQGqD[LV
FXUUHQWVFDQWUDFNWKHUHIHUHQFHYDOXHVZHOODVORQJDVWKHEXV
YROWDJHLVKLJKHQRXJK7KH%5FXUUHQWLQ)LJFZLWQHVVHV
DVXGGHQLQFUHDVHDWWKHVWDUWRIGLVFKDUJH$DVZHOOEHIRUH
LWHQWHUVLQWRWKHOLQHDUGHFOLQLQJUHJLRQ)LJG LOOXVWUDWHV
WKDWDERXW-HQHUJ\LVFRQVXPHGE\EOHHGHUFLUFXLWVZKLOH
-LVGLVVLSDWHGE\WKHPDFKLQHZLQGLQJVLQWKHIRUPDWRI
KHDW7KH9'5LQ)LJDJHWVVPDOOHUWKDQWKDWLQ)LJD
EHFDXVH WKH LQLWLDO VSHHG KDV JRWWHQ ORZHU EXW WKH GLVFKDUJH
SHULRGVHHVOLWWOHFKDQJH:KHQWKHLQLWLDOVSHHGLVUDGVWKH
d qD[LV GLVFKDUJH FXUUHQWV DUH  DQG  $ UHVSHFWLYHO\
2EYLRXVO\WKHEUDNLQJWRUTXHLQ)LJFLVVPDOOHUWKDQWKDW
LQ )LJ F LQGLFDWLQJ WKDW WKH GLVFKDUJH SURFHVV EHFRPHV
PRUHPRGHVW
)LJ GHPRQVWUDWHV WKH H[SHULPHQWDO UHVXOWV ZKHQ WKH
GLVFKDUJH UHTXHVW DULVHV DW WKH VSHHG RI Ȧth_b 8QGHU WKH
EOHHGHUEDVHG GLVFKDUJH PHWKRG WKHUH DUH QR VSHFLDOO\
GHVLJQHG FXUUHQWV WKDW DUH LQMHFWHG LQWR WKH PDFKLQH 7KH
LQGXFHGYROWDJHZLOOJHQHUDWHEOHHGLQJFXUUHQWWKURXJKWKH85
)LJDVKRZVWKDWLW LVQHDUO\VEHIRUHWKHEXVYROWDJH
DUULYHVDWWKHVDIHOHYHOEXWWKHWRWDOGLVFKDUJHWLPHLVRYHUV
7KLVKDSSHQVEHFDXVHWKHEUDNLQJWRUTXHZKLFKLVUHODWHGWRWKH
EOHHGLQJFXUUHQWUHPDLQVGHFOLQLQJDVLQ)LJFOHDGLQJWR
WKHVSHHGGHFHOHUDWLRQJHWVORZHU)LJESUHVHQWVWKDWWKH
dD[LVFRPSRQHQWLVPXFKVPDOOHUWKDQWKHqD[LVFRPSRQHQWRI
WKHFXUUHQW LQ WKHPDFKLQH LQGLFDWLQJWKDW WKHDVVXPSWLRQIRU
HTXDWLRQLVUHDVRQDEOH)LQDOO\)LJGVKRZVWKDWPRVW
UHVLGXDOHQHUJ\-LVGLVVLSDWHGE\WKH%5DQGRQO\-
LVFRQVXPHGE\WKHPDFKLQHZLQGLQJV%HIRUHOHDYLQJ)LJ
DQ LQWHUHVWLQJ SKHQRPHQRQ WKDW WKH RXWSXW HOHFWURPDJQHWLF
WRUTXHRI WKHPDFKLQH IOXFWXDWHVJUHDWO\GXULQJ WKHGLVFKDUJH
SURFHVV VKRXOG QRW EH LJQRUHG 7KLV KDSSHQV GXH WR WKH
IROORZLQJUHDVRQV,WQHHGVWREHPHQWLRQHGWKDWWKHWRUTXHLV
GLUHFWO\REVHUYHGE\VRWKHG\QDPLFVRIWKHWRUTXHVHHWKH
VLPLODU WUHQG ZLWK WKH qD[LV FXUUHQW 1RWDEO\ WKH WRUTXH
H[SHULHQFHV D VWHS FKDQJH LPPHGLDWHO\ ZKHQ DQ DFWLYH
GLVFKDUJH LV UHTXHVWHG 0HDQZKLOH ZKHQ WKH qD[LV FXUUHQW
GHFOLQHV DV WKH EXV YROWDJH GHFUHDVHV WKH PDJQLWXGH RI WKH
WRUTXHZLOOJUDGXDOO\GURSDVZHOO)XUWKHUEHFDXVHWKH3060
ZRUNVDVDWKUHHSKDVHJHQHUDWRUDQGWKHLQYHUWHUIXQFWLRQVDV
DQ 85 DV LQ &KDSWHU ,, ZKHQ WKH EOHHGHUEDVHG GLVFKDUJH
PRGHLVDFWLYDWHGWKHFXUUHQWVLQHDFKSKDVHRIWKHPDFKLQHDUH
QRWFRQWLQXRXVZLWK IOXFWXDWLRQVGXH WR WKHSURSHUWLHVRIDQ
85>@(YHQZRUVH WKHUHH[LVW WKHPRPHQWVDWZKLFKRQO\
WZRSKDVHZLQGLQJVDUHFRQGXFWHGDQGWKHRWKHUSKDVHLVVKXW
RIILQHDFKHOHFWULFDOSHULRG&RQVHTXHQWO\ZKHQWUDQVIRUPLQJ
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
WKHWKUHHSKDVHFXUUHQWVLQWRWKHRQHVLQWKHURWDWLQJUHIHUHQFH
IUDPH ODUJH IOXFWXDWLRQV ZLOO EH ZLWQHVVHG DV LQ )LJ E
)XUWKHUWKHRXWSXWEUDNLQJWRUTXHZLOOEHLQIOXHQFHGVRDVWREH
IOXFWXDQWDVLQ)LJF
 *LYHQ WKDW WKH GLVFKDUJH LV UHTXHVWHG ZKHQ WKH PDFKLQH
VSHHGLV]HURWKHH[SHULPHQWDOUHVXOWVDUHVKRZQLQ)LJ7KH
EXVYROWDJHFDQGURSWR]HURZLWKLQDERXWVZKLFKPHDQV
WKHYROWDJHEDODQFH WLPH LVUHDOO\VKRUWDQGWKHVDIHW\FDQEH
HQVXUHG$OORIWKHHQHUJ\VWRUHGLQWKHFDSDFLWRUDERXW-
ZLOOEHFRQVXPHGE\WKH%5
 2YHUDOODFFRUGLQJWRWKHH[SHULPHQWDOUHVXOWVWKHSURSRVHG
IXOOSRZHU GLVFKDUJH DOJRULWKP WKH SDUWLDOSRZHU GLVFKDUJH
DOJRULWKP DQG WKH EOHHGHUEDVHG GLVFKDUJH DOJRULWKP DUH
SURYHQWREHDEOHWRDFKLHYHIDVWGLVFKDUJHZLWKLQILYHVHFRQGV
IRUWKHWHVWHGV\VWHPFRPSO\LQJZLWKWKHUHTXLUHPHQWVLQWKH
8QLWHG1DWLRQ9HKLFOH5HJXODWLRQ(&(5
9 &21&/86,21
7KLV SDSHU SURSRVHV D QRYHO FRPELQHG UHVLGXDO HQHUJ\
GLVFKDUJH VWUDWHJ\ EDVHG RQ WKH LQWHUQDO ZLQGLQJV DQG WKH
H[WHUQDO EOHHGHU FLUFXLWV WR DFKLHYH WKH IDVW GLVFKDUJH
UHTXLUHPHQWZLWKRXWJUHDWO\VDFULILFLQJWKH%5VL]HDQGZHLJKW
IRU3060EDVHG(9SRZHUWUDLQVLQHPHUJHQF\
 $Q DFFXUDWH PRGHO IRU WKH WUDGLWLRQDO H[WHUQDO
EOHHGHUEDVHG GLVFKDUJH PHWKRG LV HVWDEOLVKHG WR H[SOLFLWO\
HYDOXDWHWKH%5VL]HDQGZHLJKWVDFULILFHH[SODLQLQJWKDWLWLV
QHFHVVDU\WRGHYHORSWKHVXSHULRUK\EULGGLVFKDUJHWHFKQLTXH
 7KH FRPELQHG GLVFKDUJH VWUDWHJ\ WKDW V\QWKHVL]HV WKH
DGYDQWDJHVRIWKHWUDGLWLRQDOZLQGLQJEDVHGDQGEOHHGHUEDVHG
GLVFKDUJHVFKHPHVLVGHWDLOHGO\LOOXVWUDWHG)LUVWO\WKHH[WHUQDO
%5 UHVLVWDQFH LV GHVLJQHG EDVHG RQ WKH H[WUHPH ZRUNLQJ
FRQGLWLRQDQGWKHDGYDQWDJHVRYHUWKHWUDGLWLRQDOEOHHGHUEDVHG
GLVFKDUJH DSSURDFK DUH DQDO\]HG 7KHQ DFFRUGLQJ WR WKH
GLIIHUHQW PDFKLQH VWDWHV DW WKH PRPHQW RI HPHUJHQF\
RFFXUUHQFH WKUHH GLIIHUHQW GLVFKDUJH PRGHV IXOOSRZHU
SDUWLDOSRZHUDQGEOHHGHUEDVHGPRGHVDQGWKHFRUUHVSRQGLQJ
FRQWURODOJRULWKPVDUHJLYHQ
7KHH[SHULPHQWVDUHFDUULHGRXWRQD3060XVHGIRU(9V
YHULI\LQJ WKDW WKH QRYHO GLVFKDUJH WHFKQLTXH LV HIIHFWLYH
&RQVHTXHQWO\WKHSURSRVHG%5SDUDPHWHUGHVLJQPHWKRGDQG
WKHGLIIHUHQWFRQWUROPRGHVFDQEHDSSOLHGLQWKHUHDOFDVHV
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;-7/86X]KRX&KLQD
&XUUHQWO\KHLVDVHQLRUDVVRFLDWHSURIHVVRUDWWKH;-7/8+HKDVSXEOLVKHG
PRUHWKDQSHHUUHYLHZHGWHFKQLFDOSDSHUVLQOHDGLQJMRXUQDOVFRQIHUHQFHV
DQG KROGV RYHU  LVVXHGSHQGLQJ SDWHQWV +LV UHVHDUFK LQWHUHVWV LQFOXGH
UHQHZDEOH HQHUJ\ HOHFWULF YHKLFOH SRZHU HOHFWURQLFV 0LFURJULG DQGSRZHU
VHPLFRQGXFWRU GHYLFHV +H LV WKH DVVRFLDWH HGLWRU RI ,((( $&&(66
,QWHUQDWLRQDO-RXUQDORI3KRWRHQHUJ\DQG-RXUQDORI3RZHU(OHFWURQLFV

-LDQNDQJ<DQJZDVERUQLQ*XL]KRXSURYLQFHLQ
35&KLQDRQ'HFHPEHU+HUHFHLYHGWKH
%(QJGHJUHHLQHOHFWULFDOHQJLQHHULQJIURP:XKDQ
8QLYHUVLW\ RI 7HFKQRORJ\ :XKDQ &KLQD LQ 
&XUUHQWO\ KH LV D0DVWHU VWXGHQW ZLWK WKH PDMRU RI
(OHFWULFDO(QJLQHHULQJLQWKH6FKRRORI$XWRPDWLRQ
1RUWKZHVWHUQ3RO\WHFKQLFDO8QLYHUVLW\;L¶DQ&KLQD
+LVUHVHDUFKLQWHUHVWVLQFOXGHHOHFWULFDOPDFKLQHV
GHVLJQ

